Objective-To determine whether the combination of triiodothyronine (T3) plus sertraline at treatment initiation confers greater antidepressant efficacy than sertraline plus placebo in patients with major depressive disorder.
Introduction
The goal of acute treatment of unipolar depressive illness is full remission (Rush et al., 2006a) . The long-term objective of treatment is a protracted period of remission, which is referred to as recovery. Remission is generally defined as a period during which the patient does not meet syndromal criteria for a depressive episode and has only negligible residual symptoms (Frank et al., 1991; Nierenberg and Wright, 1999; Rush et al., 2006a) . Practically, the definition of remission is based on a minimal score on one of the instruments utilized to quantify severity of depressive symptoms such as the Hamilton Rating Scale for Depression (HRDS), Montgomery-Asberg Depression Rating Scale (MADRS) or Quick Inventory of Depressive Symptoms (QIDS). Unfortunately, remission is only achieved by 30-45% of subjects during the first course of treatment. The common definition of response is a 50% reduction in baseline depression severity scores. Response has been reported to occur in 40-65% of subjects during the first course of treatment with antidepressant agents, in a variety of different treatment settings (Rush et al., 2004; Seemuller et al., 2010; Thase et al., 2001; Trivedi et al., 2006b) .
A variety of strategies have been utilized to increase the disappointingly low numbers of patients treated with antidepressants who attain remission and ultimately recover. The main approach to increasing the therapeutic yield of antidepressants has been to augment their action with other agents and modalities. Combination therapies have been studied as augmentation agents in subjects who have had an inadequate response to antidepressant monotherapy and in coinitiation formats to attempt to enhance antidepressant benefit from the very beginning of treatment. Agents that have been scrutinized as follow-on augmentation agents include thyroid hormones, lithium, second antidepressants, atypical antipsychotics, pindolol, electroconvulsive therapy (ECT) and psychotherapies (Aronson et al., 1996; Bauer et al., 2003; Keitner et al., 2009; Maes et al., 1999; Nierenberg et al., 2006; Papkostas and Shelton, 2008; Rush et al., 2006b; Trivedi et al., 2006a) . Coinitiation strategies involving combinations of two antidepressants have been investigated with equivocal results. There is at least some evidence in support of these interventions and simultaneously considerable evidence for lack of benefit for this approach (Blier et al., 2010; Rush et al., 2011; Stewart et al., 2009) . And for some common augmentation strategies there is virtually no supporting data (Fava and Rush, 2006) . Despite the lack of clear evidence based guidance, augmentation strategies are remarkably common in clinical practice, with as many as 20% or more of antidepressant treated patients receiving a second medication, although the sequence of addition is not reported in this survey (Valenstein et al., 2006) . Thyroid hormone augmentation of antidepressant action, usually with triiodothyronine (T3) has been studied for the past five decades (Feldmesser-Reiss, 1958; Flach et al., 1958) . Thyroid hormone addition to antidepressants has been investigated for a number of different possible uses. These include the addition of T3 to augment the response in patients with treatment resistant depression and to accelerate or potentiate the antidepressant action at treatment initiation in subjects who are not treatment resistant. Initial reports were of a positive benefit to the addition of T3 to tricyclic antidepressants (TCA) in patients who were partial responders, but these results have not been consistently replicated in large controlled clinical trials (Aronson et al., 1996) . The combination of T3 with TCAs has also been reported to accelerate the onset of antidepressant action in a limited number of studies. This effect seemed to be more prominent in female patients (Altshuler et al., 2001) . These results need to be interpreted with significant caution though, as the studies included in this metaanalysis included only 125 total patients. The data on the use of thyroid hormone augmentation with newer classes of antidepressant (SSRI, SNRI, bupropion, mirtazapine) appears even less clear than that for the TCAs (Abraham et al., 2006; Appelhof et al., 2004; Cooper-Kazaz et al., 2007; Iosifescu et al., 2005; Nierenberg et al., 2006; Papkostas et al., 2009; Posternak et al., 2007) . One relatively large placebo-controlled clinical trial (124 subjects) in which T3 was added to sertraline reported a higher remission rate for the combination with 58% of T3 versus 38% of placebo patients attaining this result (Cooper-Kazaz et al., 2007) . A second very similar placebocontrolled study of 106 subjects utilizing paroxetine and two doses of T3 (25 and 50 ug/d) found no benefit to the combination (Appelhof et al., 2004) . However, the patients in the second study who received T3 did experience more adverse events than those on placebo. A smaller study (50 subjects) utilizing an acceleration design and a mixture of antidepressants (SSRIs, SNRI, bupropion and mirtazapine) demonstrated a numerically superior but statistically non-significant benefit to the combination of 25 ug T3 plus antidepressant on overall response rate; 61% of T3 versus 52% of placebo and remission rate, 41% of T3 versus 37% of placebo treated patients (Posternak et al., 2007) . Meta-analysis of 4 trials in which T3 was initiated simultaneously with an SSRI in patients who were not treatment resistant (444 total patients) revealed no added benefit to the combination in terms of achieving response or remission (Papkostas et al., 2009 ).
Augmentation of antidepressant action with T3 in treatment resistant patients was investigated in the recently published STAR*D trial (Nierenberg et al., 2006) . Subjects entering Level 3 of the protocol, who had previously failed two different regimens were randomly assigned to receive either T3 or lithium augmentation. In this group of treatment resistant patients, the addition of T3 resulted in 24.7% reaching remission whereas 15.9% of lithium treated patients met this goal.
We present the single largest, prospective, randomized, placebo-controlled study of T3 added to an SSRI (sertraline) at treatment initiation (so called enhancement or acceleration design) in patients with major depressive disorder, specifically in subjects who were not treatment resistant. The primary hypothesis tested was that the addition of T3 to sertraline would significantly increase response and remission rates at study end point compared to placebo.
Methods
The Institutional Review Board of Emory University reviewed and approved of the conduct of this clinical investigation. All subjects were provided complete description of the study and signed written informed consent to participate. This study was conducted at the Mood and Anxiety Disorders Research Clinic in the Department of Psychiatry and Behavioral Sciences at Emory University School of Medicine between 1998 and 2003.
Patients
Male and female patients between the ages of 18 and 60 were included in this trial. Diagnostic inclusion criteria were a DSM-IV defined diagnosis of major depressive disorder (MDD), without psychotic features, as identified with the Structured Clinical Interview for DSM-IV (SCID) (First et al., 1998) . There was no exclusion based on length of current depressive episode, number of previous episodes, chronicity or treatment failure. Symptom severity inclusion criteria were of 21-item HRSD of 18 or greater at screening and baseline assessment one week later. Patients with stable medical conditions (excluding thyroid disease) were included if treatment with sertraline and T3 was not contraindicated. Suicide risk did not exclude subjects a priori, but was assessed on an individual basis by experienced psychiatrists to determine advisability of study participation, with the guiding principle of including patients who could be safely maintained in a frequently monitored outpatient setting. Psychiatric exclusion criteria included any other DSM-IV axis I or II diagnosis including Bipolar disorder, Schizophrenia, Schizoaffective disorder, substance abuse or dependence in the past year, with the exception of nicotine dependence, and personality disorders. Patients with depression who were in active treatment and met criteria for remission were excluded. Patients who had previously failed treatment with sertraline and those who had ECT in the past 6 months were excluded. Patients with unstable medical conditions and with known thyroid disease were excluded. Women who were pregnant or breast-feeding were excluded and all subjects had to utilize effective methods of contraception. Patients were not permitted to participate in any form of depression specific psychotherapy during the time they were enrolled in this trial.
Recruitment was from within the various clinical services maintained by the Department of Psychiatry at Emory, through contacts with various providers in the region and through advertisements in local media (print, radio). Therefore a mixture of spontaneously care seeking individuals and those responding to advertisements was recruited. Potential subjects underwent a structured telephone interview conducted by an experienced research associate and those who seemed likely candidates were invited in for assessment.
Study design
There were a total of eight study visits in a nine-week interval, with screening followed at 1 week by baseline assessments and then six clinical visits in the ensuing eight weeks ( Fig. 1 ). During the screening visit, the patients signed informed consent and then received a comprehensive psychiatric assessment including Structured Clinical Interview for DSM-IV (SCID), 21-item Hamilton Depression Rating Scale for Depression (HRSD-21), Montgomery-Asberg Depression Rating Scale (MADRS), Hamilton Rating Scale for Anxiety (HRSA), Clinical Global Impression-Severity (CGI-S), and semi structured interview to capture other relevant patient characteristics/demographics and treatment history (Guy, 1976; Hamilton, 1960; Montgomery and Asberg, 1979) . Psychiatric inclusion and exclusion criteria were established with SCID and HRSD-21. Those subjects that met psychiatric inclusion criteria had a comprehensive medical history taken, physical examination, electrocardiogram, and laboratory evaluation including blood chemistries, hematology, urinalysis, urine drug screen, pregnancy test (for female subjects), and thyroid function. The Emory Clinical Laboratory performed the basic thyroid function tests including TSH, T3, total T4, and free T4 with standard immunoassay methods (A subset of subjects (n = 111) was admitted to the General Clinical Research Center (GCRC) at Emory University Hospital for more comprehensive thyroid function testing and these results are reported elsewhere). Subjects who fulfilled all inclusion criteria at screening received one week of single blind placebo treatment.
Subjects returned one week later for baseline assessments that included all of the previously described symptom severity scales with the addition of the CGI-Improvement (CGI-I) scale. Those subjects that continued to have HRSD-21 scores of 18 or greater entered the active treatment phase of the study and the early placebo responsive patients did not. All patients who entered active treatment received sertraline at an initial dose of 50 mg per day, which was titrated to therapeutic effect and tolerability in 50 mg increments each week to maximal daily dose of 200 mg. Patients were randomly assigned to receive T3 (as 25 μg pill) or identical pill placebo starting at 25 μg per day, with mandatory increase to 50 μg per day in the second week of treatment and adjustable downward thereafter based on tolerability. Randomization was by a block schedule without stratification, prepared by a statistician. Patients returned for clinical assessment and medication adjustment 1, 2, 3, 4, 6, and 8 weeks after initiation of active treatment. Those patients who took at least one dose of study medication (T3) in combination with sertraline and returned for their first clinical assessment were included in the intent to treat (ITT) sample and in the final data analysis.
The full battery of symptom severity scales was administered to subjects at each clinical visit. Adverse events were elicited by open-ended interview. Treatment adherence was determined with pill counts of the returned medication packages and new medications were dispensed at each clinical visit. At study completion, T3 was discontinued and patients were given a month supply of sertraline and referral to an appropriate treatment provider.
Statistical analysis
The primary outcome was response, which was defined as a 50% reduction in baseline HRSD-21 score and a total less than 15 at study end point. The secondary outcome was remission, which was defined as HRSD-21 less than 8 at study end point. A last observation carried forward (LOCF) design was utilized and all comparisons were made to baseline symptom severity scores. Categorical variables were compared with contingency tables with χ 2 and Fishers exact statistics. Continuous variables were compared with t tests, ANOVA and repeated measures ANOVA as appropriate. Kaplan-Meier survival analysis was utilized to scrutinize time to achieving response criteria between treatment groups. All statistical significance was defined as two-tailed α < 0.05. Statistical analysis was conducted with JMP 8 (SAS Institute Inc).
Results
A total of 183 subjects signed informed consent and completed the screening visit ( Fig. 1 ). Of these, three did not meet inclusion criteria and two withdrew consent, leaving 178 that entered the single-blind placebo phase. Thirteen of the subjects that entered the single-blind phase did not return for their next visit, with a resultant 165 subjects receiving baseline assessments. There were six subjects who responded to placebo who were removed from the study after baseline assessments and an additional two subjects withdrew consent at that time. The remaining 157 subjects were initiated on open label sertraline and randomly assigned to treatment with placebo or triiodothyronine (T3). Of the subjects who entered the double-blind portion of the study, 153 returned for at least one post randomization assessment and are included in the modified ITT efficacy analysis. There were 32 (20.9%) minority subjects in the sample, with 28 (18.3%) African American, 1 Hispanic, and 3 Asian/Pacific patients. More minority subjects were assigned to placebo (p < 0.03, twotailed), but otherwise there were no baseline differences in demographic or clinical characteristics between the two treatment groups (Table 1 ). There were 108 subjects that completed all of the study visits and there were no significant differences between treatment groups in the numbers of subjects or reasons for early discontinuation (Table 2) .
Overall 97 (63.4%) of all subjects met response and 70 (45.7%) met remission criteria at final study visit. There were no differences between the two treatment groups in the primary or secondary outcome measures (Table 3 , Figs. 2 and 3) . Categorically, equal numbers and percentages of subjects from each treatment group met response and remission criteria at week 8. There was no difference in total HRSD-21 score at last assessment between placebo-and T3-treated patients. The change in HRSD-21 scores between treatment groups across the study did not differ significantly as determined with MANOVA with time in treatment as the only significant effect (f = 66.6; df = 7, 145; p < 0.0001). Median time to response was 4 weeks in the placebo plus sertraline and 6 weeks in T3 plus sertraline groups, with the 25th percentile of 3 weeks for both groups and this difference was not statistically significant.
Essentially identical results were obtained when outcome was assessed for each gender separately, although fewer males met response and remission criteria in both treatment groups, these differences were not statistically significant. Overall 66.6% of female and 58.6% of male subjects met response criteria and 50.5% of female and 38% of males remitted. There was no interaction of treatment group by gender, with 32 (62.75%) placeboand 31 (70.5%) T3-treated female subjects as responders and 18 (69.2%) of placebo-and 16 (50%) T3-treated males in this category. Gender specific results for remission paralleled those for response with 28 (54.9%) placebo-and 20 (45.5%) T3-treated females and 11 (42.3%) placebo-and 11 (34.4%) T3-treated males achieving remission and these differences were not statistically significant. Baseline serum TSH concentration did not impact treatment outcome. Baseline serum TSH values where analyzed as a continuous variable and categorically as high and low via median split or by quartiles. Similarly, none of the other baseline thyroid function measures had an impact on treatment outcome. There was no interaction between baseline thyroid function values and exposure to T3 in terms of achieving response or remission. Subjects in their first course of treatment for depression were more likely to attain remission than those who had received any previous treatment, with 32 of 51 (62.75%) treatment-naive versus 38 of 102 (37.3%) subjects with past treatment reaching this goal (p < 0.003; two-tailed), regardless of treatment group assignment. Identical results were obtained with MADRS and CGI and therefore only HRSD-21 are reported here.
The majority of subjects, 54 (70.1%) placebo and 54 (71%) T3 treated subjects successfully completed the entire protocol. There were no differences in the rates of study discontinuation between treatment groups or in the causes for early withdrawal (Table 2) . Likewise there were no differences in the timing of termination between groups, with equal numbers dropping out at each post randomization visit. There were no differences between the treatment groups in the numbers of patients who experienced treatment emergent adverse events or in the types of side effects reported (Table 4 ). There were 10 subjects [3 (4%) placebo and 7 (9.2%) T3 treated] who reported no adverse events at any study visit. Overall, the adverse events were consistent with those reported for sertraline in the prescribing information for this medication. Symptoms that might be referable to T3 including tremulousness, sweating, feeling jittery, palpitations, chest pain and feeling hot occurred equally in both treatment groups. Subjects that terminated early due to adverse events did so in response to multiple symptoms with no single common event reported as causal. Side effects associated with early discontinuation were again referable to sertraline treatment and included diarrhea and GI disturbances, sexual dysfunction, headaches and sleep and energy disturbances. There was no relationship between type of reported adverse event and visit at which participation was terminated.
Discussion
The results of this trial, the largest prospective, placebocontrolled study of the addition of T3 to an SSRI antidepressant in an enhancement design, demonstrated no benefit to combining T3 with sertraline in terms of achieving response or remission or in accelerating onset of antidepressant action. Contrary to previous reports there was no added benefit of the combination to female patients. There was no evidence that baseline thyroid function was related to overall antidepressant response or response to T3 augmentation. The patients included in this study were not specifically treatment resistant and overall were relatively early in the course of disease and treatment. Fully one third of the subjects had no past treatment for depression. The mean number of previous depressive episodes was 1.3 (±1.2), again indicating that these subjects on average did not have chronic, longstanding or highly recurrent disease. The negative finding in this trial may in part be due to the high overall responsiveness to SSRI monotherapy in these patients.
The preponderance of data from the three placebo-controlled efficacy studies of T3 augmentation of SSRI response in enhancement and acceleration design studies is that there is no added benefit to co-initiate treatment with the thyroid hormone (Appelhof et al., 2004; Cooper-Kazaz et al., 2007; Papkostas et al., 2009) . All three of these trials employed very similar designs and patient populations in terms of disease severity and were adequately powered, so are comparable. In total these three investigations include 362 patients treated with SSRI and T3 in the enhancement/acceleration design. All three trials clearly demonstrate that combining both agents at treatment initiation does not accelerate onset of antidepressant response. A smaller investigation (50 patients) that included a range of antidepressants, reported a very modest signal for acceleration over the first three weeks of treatment, but no statistical difference for response or remission at end point (Posternak et al., 2007) .
Two of the three trials, this report and that of Appelhof et al. utilizing paroxetine, demonstrate no enhancement of antidepressant response. The one trial that did find a benefit to the combination of T3 and sertraline at 8 weeks of treatment used a maximal daily dose of sertraline of 100 mg (mean dose 87 mg/day), raising the possibility of SSRI under dosing in these patients (Cooper-Kazaz et al., 2007) . In contrast, our protocol used flexible dose titration of sertraline up to 200 mg/day, with the mean daily dose approximately 150 mg/ day. One potential interpretation is that in the former study the patients were relatively undertreated with antidepressant, which allowed detection of the antidepressant action of the T3, compared to the present study in which the potential benefit of augmentation was masked by the robust response to sertraline at the higher dose. The titration schedule of the sertraline in this study may be more aggressive than typical in routine clinical practice, which may have also contributed to masking a potential benefit from the T3. Interestingly a secondary analysis of the Cooper-Kazaz et al. subjects suggests that a polymorphism in the type 1 deiodinase gene was associated with the antidepressant response to T3 augmentation ). This appears to be a low activity allele of the gene, resulting in lower T4 to T3 conversion and it is hypothesized that subjects constitutionally with lower T3 levels may be more likely to respond to augmentation. A pooled analysis of all of the three aforementioned trials came to the conclusion of no added benefit to the combination of T3 with an antidepressant in non treatment resistant patients (Papkostas et al., 2009) . This investigation has several strengths. This is the largest patient sample to be studied utilizing a T3 enhancement design, co-initiating with an SSRI. Moreover our sample contained 18.3% African American subjects, reflecting diversity absent in previous efficacy trials of this combination. More than two thirds of the patients completed the protocol. A high mean sertraline dose was achieved, reducing the potential confound of inadequate antidepressant exposure. The vast majority (96%) of T3 treated subjects were able to tolerate the target dose (50 μg) from the second post randomization visit to study end point, again reducing any potential confounds based on inadequate or variable medication exposure.
There are certain limitations to this study. The first is that this was a single site protocol so all subjects were identified, evaluated and treated by the same study staff and may not represent a comprehensive cross section of all patients seeking treatment for depression. That being said this is the largest such study utilizing this design and the vast majority of patients did complete the entire protocol. Patients were recruited from a variety of sources including those responding to advertisements and those spontaneously seeking care and there may be differences in motivations and investment in treatment by these different groups. Another potential limitation is that the included patients were not treatment resistant or chronically ill, which may have made them more likely to be SSRI responsive and therefore not a population in which the potential additional benefit of T3 augmentation could be observed. There was no placebo only group in this study, so we cannot assess the rate of sertraline versus placebo response and therefore cannot conclude the improvement we observed was due to the actions of the antidepressant. That being said, the overall response rate of 63.4% we observed is very consistent with response rates reported in placebo controlled trials of sertraline in major depressive disorder compared to placebo response (Fabre et al., 1995; Lydiard et al., 1997) .
The results of this study and of the pooled analysis of all three T3 coinitiation trials do not support the routine use of this combination at the beginning of treatment, in the setting of patients who are not resistant. The use of T3 augmentation in treatment resistant patients may have some therapeutic value, as suggested by the STAR-D trial (Nierenberg et al., 2006) . The lack of inclusion of a placebo arm in STAR-D confounds the interpretation of those results as separating the added therapeutic benefit of continued time in treatment from that due to T3 remains obscure. Future investigations of the use of T3 augmentation of antidepressant action should focus on treatment resistant and chronically ill patients for whom there are few effective, evidence-based interventions. Flowchart of study with disposition of all subjects who signed informed consent and completed screening visit. Change in mean HRSD-21 total scores for each study visit and treatment group, with no statistically significant difference between treatment groups, but statistically significant effect of time in treatment (f = 66.6; df = 7, 145; p < 0.0001); error bars are standard deviations. Proportion of subjects that met response criteria (top panel) and remission criteria (bottom panel) by study visit and treatment group, no statistically significant difference between treatment groups. Final disposition of all subjects included in the ITT sample; no statistically significant differences between treatment groups.
Placebo n (%) Triiodothyronine n (%) Total n (%)
Study completers 54 (70.1) 54 (71) 108 (70.5) Adverse event 6 (7.8) 2 (2.6) 8 (5.2) Lack of efficacy 2 (2.6) 4 (5.3) 6 (3.9)
Lost to follow up 5 (6.5) 10 (13.2) 15 (9.8) Protocol violation 9 (11.7) 5 (6.7) 14 (9.2)
Withdrew consent 1 (0.65) 1 (1.3) 2 (1.3) Table 4 Numbers and percentages of patients with spontaneously reported adverse events, reported by 5% or more of subjects; no statistically significant difference between treatment groups. 
